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(57) [Abstract] 

[Problem] As corrosion potential of structure material is decreas 
ed, working e fficiency of plant itimproves. 

[Means of Solution] Insolubility noble metal microparticle from 
particle supply pipe 24 which is connected to furnace 
purificationtype pipe 23 is supplied inside furnace purification 
type pipe 23. insolubility noble metal microparticle which is 
supplied inside furnace purification type pipe 23, passing by 
water supply pipe 20 , is supplied inside atomic reactor pressure 
vessel 1 . Furthermore, insolubility noble metal microparticle 
reaches to dow^J^ 14 and bottom pi" A 2. As for 
insolubility noble metal microparticle which is filled, particle 
diameter is 10 m or less, is the preferably 0.1 m or less, 
anode current due to hydrogen oxidation with surface with 
action of insolubility noble metal microparticlewhich deposits ir 
structural material surface, increases, corrosion potential of 
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[Claim(s)] 



[Claim 11 Hydrogen is filled to coolant of atomic reacto r, on on 
stream of the atomic reactor, operating method of atomic 
reactor plant which designates that insolubility noble metal 
particle isfilled in coolant as feature. 

[Claim 2] On on stream of atomic reactor, insolubility noble me 
tal particle is filled to coolant of the atomic reactor, operating 
method of atomic reactor plant which designates t hat hydrogen 
isfilled to aforementioned coolant as feature. 



[Claim 3] Operating method of atomic reactor plant of Claim 1 
or Claim 2 which fills aforementionedinsolubility noble metal 
particle to case where concentration of aforementioned 
insolubility noble metal particle whichmeasures concentration 
of aforementioned insolubility noble metal particle inside 
theaforementioned coolant, is measured is less than set value. 

[Claim 4] Operating method of atomic reactor plant of Claim 1 
or Claim 2 which controls pH of theaforementioned coolant 
inside atomic reactor in weak alkali. 

[Claim 5] Operating method of atomic reactor plant of any of 
Claim 1 through Claim 4 which is filled inthe atomic reactor 
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purification system where aforementioned insolubility noble 
metal particle purifiesthe aforementioned coolant inside atomic 
reactor. 

[Claim 6] Operating method of atomic reactor plant of any of 
Claim 1 through Claim 4 which is filled inthe water supply 
system where aforementioned insolubility noble metal particle i: 
connected to atomic reactor. 

[Claim 7] As for aforementioned insolubility noble metal particl 
e operating method of atomic reactor plant of any ofthe Claim 
1 through Claim 6 which is something which impregnates noble 
metal in support. 

[Claim 8] As for aforementioned insolubility noble metal particl 
e operating method of atomic reactor plant of any ofthe Claim 
1 through Claim 7 where particle diameter is approximately 0. 1 
m or less. 

[Claim 9] Coolant which was discharged from atomic reactor, ii 
eludes insolubility noble metal particle,through activated 
charcoal layer, removes aforementioned insolubility noble 
metal particle with theaforementioned activated carbon waste 
liquid treatment method of atomic reactor plant which. 

[Claim 10] Waste liquid treatment method of atomic reactor pi 
ant of Claim 9 which aforementioned activated carbon 
theincineration is done. 
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[Description of the Invention] 
[0001] 

[Technological Field of Invention] This invention relates to op 
erating method of atomic reactor plant, and waste liquid 
treatment method of theatomic reactor plant especially, regards 
operating method of preferred atomic reactor plant and waste 
liquid treatment method of theatomic reactor plant in order to 
control corrosion damage of structure material of boiling water 
typenuclear power plant (It names BWR plant below . ). 

[0002] 

[Prior Art] In BWR plant, inside atomic reactor pressure vessel 
in order to guarantee soundness (Mainly of stress corrosion 
and cracking and control of development) ofthe structural 
material of especially atomic reactor pressure vessel bottom, 
hydrogen is filled in primary coolant,( Japan Unexamined 
Patent Publication Hei 5- 100087 disclosure). With 
hydrogen fill in BWR plant, with outlet side of condensate 
desalting vesselwhich is provided in water supply system 
hydrogen is filled inside water supply pipe. This hydrogen with 
water supplying is led inside atomic reactor pressure vessel. As 
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. Conf. Water Chem. In Nucl. Power Plants. 155, J 
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result, hydrogen means to be filled in primary coolant ( 
furnace water) insidethe atomic reactor pressure vessel. Is 
formed with atomic reactor pressure vessel and furnace heart 
'^7 Aralia cordata Thunb. with thed<* section of 
ring shape which, Are included in furnace water in bottom pre 
1~ A of downward direction thehydrogen and oxygen which are 
included in furnace water (Or hydrogen peroxide ) with with 
thedirect reaction (Or it is through OH radical etc indirect 
reaction) , dow^J section, in comparison withthe bottom 
furnace heart support plate inside and atomic reactor pressure 
vessel, oxygen whichit filled or concentration of hydrogen 
peroxide is decreased. 

[0003] When it increases in value or greater which is injected a 
mount of hydrogen, theproduced amount of radioactive 
substance (nitrogen 16) of short half-life increases inside 
atomic reactor pressure vessel, alsothe quantity of nitrogen 16 
which from atomic reactor pressure vessel is led to 
turbineattendant upon water vapor increases. As for nitrogen 
1 6 it is formed by emission conversion reaction of water 
infurnace heart. Increase of nitrogen 1 6 which is led to turbine 
causes increase ofsurface dose ratio of turbine. In order to 
control increase of surface dose ratio, optimum hydrogen 
injected amount isproposed, ( literature 1; S. Uchida et al., J. 
Nucl. Sci. technology 35,301(1998)). 

[0004] As for corrosion inhibition of structure material inside at 
omic reactor pressure vessel, extent and effectwhere hydrogen 
injected amount is many are large. But, as mentioned earlier, 
increase of hydrogen injected amount is connected to 
theincrease of surface dose ratio of turbine. Increase of surface 
dose ratio of turbine, is not desirable ones from theviewpoint oi 
plant inspection, conservation or environment dose ratio 
whichdesignate turbine as center. 

[0005] Increase of surface dose ratio of turbine is controled, in 
order to controlthe corrosion of structural material, noble 
metal fill (N MCA rnoble metal chemical addition) which fills 
noble metal (Such as platinum , rhodium , palladium)to 
furnace underwater is proposed, ( literature 2; S. Hettiarachchi, 
etal., Proceedings 1998 JAIF Int. Co nf. Water Chem. In 
Nucl. Power Plants, 155, Japa nA tomic industrial Forum, Oct 
13-16, Kashiwaki, Japan (1998)).|Also Japan Unexamined 
Patent Publication Hei 8 - 226994 disclosure, states N MCA 
which uses noble metal compound of solubility!! _ \jj\rfl$*~ 

[0006] N MCA, at time of low temperature at time of downtime 
orstarting of BWR plant, fills noble metal to primary cooling 
water ( furnace water) of atomic reactorpurification inside of 
system in form of complex. This primary cooling water is led 
inside atomic reactor pressure vessel via water supply system, 
complex of noble metal is done hydrolysis, noble metal of 
atomic state inthe liquid contact surface of structural material 
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plating is done with stable state. Because from restriction of 
hydrolysis temperature of noble metal complex, as for noble 
metal complexes for fill to in hot water in atomic reactor on 
stream it is difficult, asdescription above it is necessary to fill at 
time of low temperature atthe time of downtime or starting of 
BWR plant. As for BWR plant, from BWR plant startup after 
fuel exchanging, as for thetime to BWR plant stop in order to 
do next fuel exchange, it is calledthe driving cycle. 

[0007] With structure material surface oxidation of hydrogen w 
hich designates noble metal asthe catalyst is promoted, current 
which accompanies oxidation of the hydrogen flows. As a resul 
corrosion potential with structure material surface is decreased. 
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[Problems to be Solved by the Invention] Way it is stated in lite 
rature 2, in structure material surface noble metal evenly in 
orderthe plating to do, noble metal injection operation at time 
or downtime of starting theBWR plant requires approximately 2 
day. This for operating rate improvement of BWR plant is not 
desirable thing. Because with passage of time it liquates noble 
metal which plating is donein structure material surface, N 
MCA is appropriately executed even with thedriving cycle from 
now on in when or downtime starting BWR plant. 

[0009] Object of this invention, as corrosion potential of struc 
ture material is decreased, theworking efficiency of plant is to 
offer operating method of atomic reactor plant which it 
canimprove. 

[0010] 

[Means to Solve the Problems] Feature of this invention which 
achieves above-mentioned object fillsthe hydrogen to coolant 
of atomic reactor, on on stream of atomic reactor, itis to fill 
insolubility noble metal particle in coolant. 

[001 1] Because insolubility noble metal particle is filled to cool; 
nt, if hydrolysis it does notneed and and it is possible in coolanl 
of high temperature to fill theinsolubility noble metal particle 
and, it is a on stream of atomic reactor, insolubility noble metal 
particle can be filled tothe coolant anytime. Because of this, it 
can shorten time when it requires in startingor stopping atomic 
reactor in fuel cycle of one, in comparison withthe time when 
it requires in starting or stopping conventional BWR 
whichexecutes N MCA. Therefore, working efficiency of plan 
improves. In addition, insolubility noble metal particle repeats 
deposit to structural material surface and theseparation from its 
surface, but in structural material surface it has deposited with 
thesurface density of setting or higher. Because of this, 
corrosion potential of structural material can be decreased. 
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[0012] Concentration of insolubility noble metal particle inside 
preferably and coolant monitor isdone, insolubility noble meta] 
particle is filled to case where concentration of insolubility 
noble metal particle isless than set value. 

[0013] In order always in structural material surface insolubility 
noble metal particle to deposit with surface density ofthe setting 
or higher, it is necessary for insolubility noble metal particle 
above quantity which isin coolant to exist. Because insolubility 
noble metal particle is filled to case where concentration of 
insolubility noble metal particlewhich is measured is less than st 
value, always to deposit as thestructural material surface it can 
designate insolubility noble metal particle with surface density 
of setting or higher. 

[0014] PH of coolant inside preferably and atomic reactor sho 
uld have beencontrolled in weak alkali. It is possible, 
furthermore can decrease corrosion of structural material 
todecrease corrosion potential with crack end part which exists 
in structural material surface by makingthe weak alkali. 

[0015] Impregnating preferably and noble metal in support, it 
should haveformed insolubility noble metal particle. Because 
support surface area is large, contact area of noble metal and 
thecoolant which are impregnated increases. Therefore, 
corrosion potential of structural material furthermore decreases. 
As support, silica , alumina or other oxide particle should have 
been used. 

[0016] Furthermore, particle diameter of preferably and insol 
ubility noble metal particle approximately 0.1 m or lessit 
should have made. Because particle diameter of insolubility 
noble metal particle is approximately 0.1 m or less, this 
insolubility noble metal particle isnot removed by resin layer 
inside desalting vessel which is a cleaning equipment ofthe 
atomic reactor purification type which purifies coolant inside 
atomic reactorand passes this desalting vessel. Therefore, it can 
utilize insolubility noble metal particle which is included in 
coolanteffectively for corrosion potential decrease of structural 
material. 

[0017] As noble metal, metal of platinum family type which co 
ntributes to the platinum , palladium , rhodium , osmium , 
ruthenium and iridium or other hydrogen oxidation, and 
borrowing help of photoreaction such aszirconium , and 
titanium which are a non- platinum-based metal it should have 
used themetal of at least one which is chosen from among metal 
whichcontribute to hydrogen oxidation. 

[0018] As for this invention it is something which can be done 
on basis of theresult of examination which is expressed below. 
Result of this examination is expressed in detail below. 
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[0019] Principle of hydrogen fill is shown in Figure 4. In in th 
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e diagram, arrow of white-out shows flow of vapor, thearrow o 
black shows flow of cooling water, hydrogen after blending to 
cooling water ( furnace water) inside atomic reactor entering 
theatomic reactor from water supply system, reaches to down 
* ^ section. As for fill effect in order to be decided with 
hydrogen concentration in di*"* section, as indicator of 
hydrogen injected amount, rather is defined with 
theconcentration , namely following correlation in^ ^ m 
circles in comparisonwith concentration inside water supplying 
furnace heart conversion hydrogen concentration [H2]eff 
whichis adopted. 
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[0020] [Furnace heart conversion hydrogen density] [hydrogen 
concentration in water supplying] X [water supplying flow]/ [ 
recycle stream quantity] 

As with increase of furnace heart conversion hydrogen concentr 
ation, shown in the Figure 5, oxygen concentration (measured 
value) of furnace water decreases, furnace underwater oxygen 
concentration is measured by oxygen concentration meter. 
With atmosphere inside furnace oxygen such as hydrogen 
peroxide of theconcentration exists almost in furnace 
underwater. While furnace water which sampling is done is led 
to oxygen concentration meter,large portion of hydrogen 
peroxide which is included in furnace water whichthe sampling 
is done thermal decomposition doing with sampling system, it 
substitutes tothe oxygen. Because of this, oxygen which 
corresponds to oxygen concentration which wasmeasured with 
oxygen concentration meter, is not case that it is included in 
thefurnace water inside atomic reactor, measured value with 
oxygen concentration meter is value which receives influence 
ofthe hydrogen peroxide which is included. Because of this, 
here, oxygen concentration which was measured is defined 
theeffective oxygen concentration [02]eff. namely, effective 
oxygen concentration is displayed like next formula. 

[0021] [Effective oxygen concentration] =[oxygen concentr 
ation] + 0.5 X [hydrogen perdxide concentration] 

Effective oxygen concentration occurrence and its developmen 
t of stress corrosion and cracking of the stainless steel are 
controled in range of 20 ppb or less, goal value of hydrogen 
injected amount in 1st, is value to which theeffective oxygen 
concentration is below this goal value (20 ppb ) . On one hand, 
it is desired surface dose ratio of turbine at time ofhydrogen 
filling in BWR plant that it does not rise. Portion of nitrogen - 
16(16N) of radioactivity which is formed by 
emissionconversion reaction of water which shows below in 
namely, furnace heart bora tile becomingthe ammonia form, 
accompanying to vapor 

l60(n,p)l6N [It depends on k high energy neutron above 10 M 
eV reaction] 
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Ratio which moves to turbine increases. As a result, surface do; 
ratio of turbine increases. 

[0022] When filling hydrogen, turbine surface dose ratio ( prim 
ary steam (MS) dose ratio) in is shown in Figure 5. As for 
increase of turbine surface dose ratio, there is a possibility 
which causes theincrease of radiation dose which inspection 
member in on streamreceives. Because of this, hydrogen 
injected amount is restricted, as as a result, shown in the Figure 
optimum hydrogen injected amount is decided with approved 
MS dose as upper limit, ( literature 1). 

[0023] Direct measurement furnace underwater oxygen and eac 
h concentration of hydrogen peroxideinside atomic reactor 
pressure vessel it is very difficult because of thermal 
decomposition of thehydrogen peroxide inside sampling pipe 
to do. Because of this, measured value of effective oxygen 
concentration, on basis of thetheoretical analysis of radiation 
disassembly of water with and radio lysis model,each 
concentration of oxygen and hydrogen peroxide is sought with 
calculation, furnace underwater oxygen concentration , 
hydrogen concentration , hydrogen peroxide concentration , 
change for furnace heart conversionhydrogen concentration of 
and corrosion potential (ECP), is shown in Figure 6. Result of 
hydrogen fill, oxygen concentration decreases suddenly, but 
hydrogen peroxide concentrationdecreases when furnace heart 
conversion hydrogen concentration becomes approximately 15 
ppb . But, hydrogen peroxide concentration decreasing to 
fully, corrosion potential very does notdecrease and hydrogen 
injected amount is furnace heart conversion hydrogen 
concentration andexceeding approximately 60 ppb , it 
decreases suddenly. This decrease of corrosion potential is 
something due to increase of thehydrogen amount in 
comparison with decrease of hydrogen peroxide, oxide film of 
hydrogen peroxide dominant type is reduced by namely, 
hydrogen, in order tochange to new coating property condition, 
change occurs in anode polarization characteristic. As a result, 
corrosion potential escapes hydrogen peroxide dominant type. 
When crack development rate of structural material, in case of 
oxide filmcontrol with hydrogen peroxide atmosphere is 
difficult to depend on hydrogen peroxide concentration, this 
coatingbeing broken, oxide film of reducing type or oxygen 
dominant type becomes, itreaches point where it depends on 
oxidizing species concentration. 

[0024] In this way, when injected amount is decided with effect: 
ve oxygen concentration, asdescription above it is possible to 
decide optimum value with process, corrosion potential is 
becoming mainstream as indicator of water quality environment 
of thestress corrosion and cracking, in place of effective 
oxygen concentration but, vis-a-vis stainless steel. 
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[0025] Corrosion potential in order to control SCC occurrence 
and development is the- 230 mV - SHE. In order to execute 
hydrogen fill with corrosion potential as indicator, it 
becomesnecessary to increase fill hydrogen amount. But, they 
are not desirable ones from viewpoint of plant inspection,the 
conservation or environment dose ratio where this accompanies 
to primary steam ofthe 16N of radioactivity, assist is connected 
to increasing doseratio of turbine, designates turbine as center. 
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[0026] Controling formation of 16N with this hydrogen fill, the 
re is aN MCA which you mention earlier as technology which 
assures thedecrease of corrosion potential. When N MCA was 
executed, as for complex of noble metal which wasfilled 
hydrolysis being done, ( plating it is done. ) where noble met; 
in structural material surfacedeposits with atomic state. As 
shown in Figure 7, when concentration ratio (hydrogen / 
oxygen) of hydrogen and oxygenincreases with N MCA, 
corrosion potential of structural material (It shows with 
304SS(Pd). ) in case wherethe N MCA is executed in 
comparison with structural material (304SS) in case wherethe N 
MCA is not executed decreases considerably. 

[0027] But, as mentioned earlier, N MCA decreases working ef: 
ciency of plant. As for inventor etc, without impairing 
reducing effect of corrosion potential due tothe N MCA, 
solution plan which can cancel this problem various 
wasexamined. As a result, As for inventor etc, This insolubility 
noble metal particle which was filled in furnace water by 
designating thenoble metal which you mention earlier as 
insoluble particle, adhesiveness talent to thestructural material 
surface being inferior in comparison with complex of noble 
metal,repeats deposit to structural material surface and 
liberation from over there easilyin microscopic , but 
phenomenon that was discovered anew in macroscopic witha 
certain surface density has deposited in structural material 
surface. This phenomenon appears extent remarkably particle 
diameter of insolubility noble metal particle becomessmall. 

[0028] You explain concretely below phenomenon which this n 
ewly is disco vered,making use of Figure 8. insolubility noble 
metal particle which was filled from water supply system or 
atomic reactor purification system isled inside atomic reactor. 
As shown in Figure 8, strictly, oxide film exists in structural 
material surface. As for insolubility noble metal particle which 
is included in furnace water, riding in theflow fluctuation of 
perpendicular direction in flow of furnace water, thesurface 
boundary laye^ o T, it arrives in structural material surface 
(Strictly surface of oxide film), with deposition rate coefficient 
(s-l)deposits in structural material surface. This kind of 
phenomenon, designates particle , and alumina zirconium 
oxide or other oxide particlewhich are a mixture of noble metal 
oxide of particle , plural of particle , noble metal oxide which 
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dC/dt=-<5C + f A S/V 

- (3) 

dA/dt S/V=-£A S/V+(5C 
... C4) 
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isformed with noble metal of noble metal particle , plural as 
support and bears noble metal inthis and occurs when particle oj 
other insolubility noble metal particle which is formed was fille< 
to furnacewater. There is a correlation of Formula (1) between 
deposition rate coefficient and Reynolds number Re. 



[0029] 



Reo.82 



•••(I) 



Insolubility noble metal particle is kept leniently with tackiness 
which is weak in structural material surfacerelatively with Van 
der Waals force, in form which with shear force due to flow o 
thefurnace water is stripped in mechanical, liberation it does 
insolubility noble metal particlewhich deposits from structural 
material surface. There is a correlation of Formula (2) between 
liberation speed coefficient (s-l) and Reynolds number Re. 



[0030] 



Re2 



...(2) 



Furnace underwater and mass balance with structural material si 
face are displayed with theFormula (3) and Formula (4). 



[0031] 
DC/dt= - C + A S/V 

DA/dt S/V= - A S/V + C 



...(3) 



...(4) 



Here, as for C concentration (ppb , mg/m3) of furnace underwat 
er insolubility noble metal particle, as forthe A equilibrium 
deposited amount ( g/cm2) of insolubility noble metal particle 
in structural material surface, as for S thesurface area of 
structural material, as for and V it is a capacity ofthe furnace 
water inside atomic reactor pressure vessel. 

[0032] Insolubility noble metal microparticle which deposits, in 
oxide film surface which advances in structural material surface 
with Van der Waals force has rode leniently with relatively 
weak tackiness. Because of this, you insert insolubility noble 
metal particle itself always with oxide film surface andsubstitute 
but insolubility noble metal particle which has deposited to 
oxide film surface anode currentcontributes to increasing with 
oxidation of hydrogen. As a result, it increases with insolubilit; 
noble metal particle where all anode current which is asum tota 
of anode current due to anode current and metal melting 
reaction withthe oxidation of hydrogen deposits, decreases 
corrosion potential of structural material. 
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[0033] You explain below this reason, making use of Figure 9. 
As in Figure 9 (a) shown in schematic, current (cathode 
current) due to reduction ofthe furnace underwater oxygen (Or 
hydrogen peroxide ) in structural material surface where 
insolubility noble metal microparticle deposits,flows to 
structural material side from furnace water side. On one hand, 
metal component of structural material being done, oxidation 
current [anode current] from structural material side current 
(anode current) flows to furnace water side as ion due to 
thereaction which melts. In addition, it is little at time of 
normal operation, but current dueto oxidation of furnace 
underwater hydrogen joins to anode current, cathode current 
and anode current cancel, balance doing with structural materia 
surface, hittingmutually. Because of this, on apparent, with 
structural material surface as for current it doesnot flow. 

[0034] As for Figure 9 (b), current balance in structural materia 
1 surface with state wherethe insolubility noble metal 
microparticle has not deposited in structural material surface has 
been shown. With Figure 9 (b), as for cathode current it show: 
those which flow to structural materialside from furnace water 
side as righteousness. Concerning anode current, it shows thos- 
which flow to furnace water side fromstructural material side 
conversely as righteousness. When voltage of structural 
material surface decreases, it increases current (cathode current) 
due tothe reduction of oxygen (Or hydrogen peroxide ). On 
one hand, when voltage of structural material surface increases, 
it increases thecurrent due to dissolution reaction of metal. In 
addition, when voltage of structural material surface increases 
also oxidation current ofthe hydrogen, it increases, but usually 
as for oxidation current of thehydrogen because it is little, as for 
anode current it is decided with theoxidation of metal of 
structural material. In this way, voltage which corresponds to 
point (In Figure 9 (b) intersection of both curves) where 
allcathode current and all anode current have become equal, it 
becomes corrosion potential in the natural voltage namely this 
said environment and this said material When concentration 
of furnace underwater oxygen (Or hydrogen peroxide ) 
increases, all cathode currentincreases, current * voltage curve 
shift does in right side in Figure 9 (b). As a result, intersection 
of all cathode current and all anode curve shift does onhigh 
voltage side, corrosion potential of namely, structural material 
becomes high. When concentration of furnace underwater 
oxygen (Or hydrogen peroxide ) decreases, all cathode 
currentdecreases, current * voltage curve shift does in left side 
in Figure 9 (b). As a result, intersection of all cathode current 
and all anode curve shift does inthe low voltage side, corrosion 
potential of namely, structural material becomes low. 
Especially, dissolution reaction of metal which forms structural 
material differsdepending upon surface state of structural 
material, current * voltage curve changes dependingupon 
thickness of oxide film which is shown in Figure 9 (a) or 
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propertiesof oxide. 
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[0035] When insolubility noble metal microparticle deposits in 
structural material surface, oxidation reaction of 
furnaceunderwater hydrogen is promoted by catalytic reaction 
of noble metal, current due to oxidation reaction of this 
hydrogen increases. When insolubility noble metal 
microparticle deposits, as shown in Figure 9 (c), it reaches 
pointwhere acid current of hydrogen controls anode current, all 
anode current shiftit does in right side in Figure 9 (c). As a 
result, shift it does all anode current and intersection of all 
cathode inthe low voltage side, corrosion potential of namely, 
structural material becomes low. 
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[0036] Flow rate of furnace water inside atomic reactor of BWP 
plant differsdepending upon site which is made object, but it is 
a 1 m/s inthe average . On one hand, equivalent diameter 
which is necessary for Reynolds number calculationdiffers 
depending upon site, but it is above 104 of theturbulent flow 
region in average . Because of this, deposition rate coefficient 
and liberation rate coefficient have value below eachone. 
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[0037] =1 X 10-4 s-l 
=3X10-6 s-l 

Because average S/V is 7m- 1, equilibrium deposited amount A( 
g/cm2) and furnace underwaterconcentration C(ppb , 
mg/m3) there is a correlation of Formula (5). 



A=/C V/S=5X 10-1 C ...(5) 

(5) Making use of formula, when furnace underwater insolubili 
y noble metal microparticle density and deposition densityof 
structural material surface are sought, kind of correlation which 
is shown in Figure lOis acquired. Usual, in furnace underwate 
by fact that suspension it does theinsolubility noble metal 
particle of 10 ppb , insolubility noble metal particle of 5 
g/cm, usual, can be kept in the structural material surface. This 
way, corrosion potential of structural material can be decreased 
with littlehydrogen injected amount with suspension of 
insolubility noble metal particle of little density. 

[0039] Furthermore, as for such as inventor, when density of i 
nsolubility noble metal particle in thephenomenon and namely 
furnace underwater which should be surprised was changed, 
quantity of insolubility noble metal particle which has deposited 
in structural material surface correspondingto density, 
phenomenon that was discovered changes. If this phenomenon 
is utilized, with surface density which is made desired 
bycontrolling furnace underwater insolubility noble metal 



[0038] 
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particle concentration namely it controls injected amount ofthe 
insolubility noble metal particle, insolubility noble metal partich 
it becomes possible always to deposit in thestructural material 
surface. 

[0040] 

[Embodiment of Invention] Working Example of this inventio 
n which utilizes phenomenon which is discoveredanew you 
mention earlier is explained below. 

[0041] You explain operating method of atomic reactor plant 
which is a preferred one Working Example of this invention 
whichis applied to BWR plant, making use of Figure 1 . steam 
condensation doing with condenser 9, condensation water 
which it occurspassing by pipe (water supply pipe)20 of water 
supply system as water supplying, is supplied inside the atomic 
reactor pressure vessel 1 . As for water supplying, until it 
reaches to atomic reactor pressure vessel 1, it is purified beinga 
condensed water desalting vessel 10 which is provided in water 
supply pipe 20, with low pressure water supply heater 12 and 
high pressure water supply heater 1 3 is heated, furnace water 
inside dowi^ 14 passes by recycle pipe 5due to drive of 
recycle pump 21, is supplied to furnace heart3 via bottom pre 
i~<l*2. steam which occurs inside furnace heart 3, passing by 
the primary steam pipe 7, is led by turbine 8, is discharged in 
condenser 9. steam includes hydrogen which inside atomic 
reactor pressure vessel 1 it occurs withradiation disassembly of 
furnace water, gas inside condenser 9 is absorbed by air 
extractor 15, passes by the recombination vessel 16 and rare 
gas hold up equipment 1 7 and is discharged to outside. Becaust 
oxygen is supplied inside gas which is absorbed, itconnects 
hydrogen which is included in gas, with oxygeninside 
recombination vessel 16, becomes water and is removed. 

[0042] Atomic reactor purification type (From now on, simply 
furnace purification system you call), furnace purification type 
pipe 23, hasthe furnace purification type desalting vessel 6 in 
and thefurnace purification type pipe 23. furnace purification 
type pipe 23 is connected with to recycle pipe Sand water 
supply pipe 20. insolubility noble metal microparticle from 
particle supply pipe 24 which is connected to furnace 
purificationtype pipe 23 is supplied inside furnace purification 
type pipe 23. insolubility noble metal microparticle which is 
supplied inside furnace purification type pipe 23,passing by 
water supply pipe 20 , is supplied inside atomic reactor pressure 
vessel 1. Furthermore, insolubility noble metal microparticle 
reaches to dov*fi~* 14 and bottom p"^"-^ 2. As for 
insolubility noble metal microparticle which is filled, particle 
diameter is 10 m or less, is the preferably 0.1 m or less. 

[0043] Other and hydrogen with downstream side of condens* 
te desalting vessel 10 are filled inside water supply pipe 20 by fi) 
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pipe 22 . This hydrogen with water supplying is led inside 
atomic reactor pressure vessel 1 . This way, hydrogen is filled i 
furnace underwater, hydrogen which was filled, with furnace 
water, passing by do^ ^ 14, recycle pipe 5 , reaches to 
bottom pr&J* 2 and furnace heart3. Fill of hydrogen is 
done at time of rated output driving of atomic reactor. 

[0044] Insolubility noble metal microparticle which was led insi 
de atomic reactor pressure vessel 1 deposits in surface of 
thefurnace hea Aralia cordata Thunb. , control rod 
guide tube ,CRD housing or other structural material which is a 
structure inside furnace. But, this removal it does insolubility 
noble metal microparticle which deposits, from surfaceof 
structural material. As mentioned earlier, insolubility noble 
metal microparticle, repeats deposit to structural material 
surface andthe removal from over there, but always, state which 
has depositedin structural material surface is maintained. With 
density of furnace underwater insolubility noble metal 
microparticle, because surface density of theinsolubility noble 
metal microparticle which has deposited in structural material 
surface changes, like below it controls injected amount of 
insolubility noble metal microparticle. 

[0045] When concentration of furnace underwater insolubility 
noble metal microparticle reaches to lstsetting concentration 
(for example 10 ppb), it stops fill to inside furnace purification 
typepipe 23 of insolubility noble metal microparticle, when 
concentration of furnace underwater insolubility noble metal 
microparticledecreasing to low 2nd setting concentration (for 
example 1 ppb) in comparison with lstsetting concentration , it 
fills to inside furnace purification type pipe 23 ofthe insolubility 
noble metal microparticle. With repetition of this kind of 
control, it is possible tomaintain deposited amount of 
insolubility noble metal microparticle in structural material 
liquid contact surface at specified deinsity range. Because 
deposition rate of insolubility noble metal microparticle to 
structural material surface is not large, insolubility noble metal 
microparticlewhich was filled spreads to furnace underwater 
evenly, deposited amount of insolubility noble metal 
microparticle differs to strictness, other than concentration 
(This value almost with site of primary cooling system same)of 
furnace underwater insolubility noble metal microparticle, flow 
rate of furnace water (Strictly Reynolds number ),depending 
upon surface state of structural material. But, flow rate of 
furnace water being large, site where thedeposition rate of 
insolubility noble metal microparticle is large removal speed is 
large. As a result, site dependency of deposited amount of 
insolubility noble metal microparticle almost becomes 
theuniform in range which does not exceed 10 times. 

[0046] Hydrogen which is included in furnace underwater whicl 
exists inthe structural material surface vicinity with catalysis of 
insolubility noble metal microparticle which deposits in 
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structural material surface, isdone oxidation, oxygen (Or 
hydrogen peroxide ) which is included in furnace water is 
consumed in theoxidation of hydrogen, oxidation current of 
hydrogen which occurs due to oxidation of hydrogencontrols 
anode current, as shown in Figure 9 (c), intersection of all 
anode current andall cathode current, shift does in low voltage 
side. Therefore, corrosion potential of structural material 
decreases, corrosion of structural material iscontroled. At 
furnace underwater with oxidation of hydrogen, 1? 7 -A4 
and concentration of furnace underwater oxygen (Or hydrogen 
peroxide ) in bottom pfJ* 2are decreased, corrosive 
environment is eased. 

[0047] Because as for noble metal, is not a ion and is a insolubi 
ity noble metal microparticle, also it isfew, to be removed by 
ion exchange resin inside furnace purification typedesalting 
vessel 6 in addition because particle diameter is small, trapare 
difficult to be done in resin layer. Although insolubility noble 
metal microparticle boiling precipitates regarding fuel rod 
surface whichloading is done inside furnace heart, because also 
interaction of the insolubility noble metal microparticle and 
iron cladding is small, it re-separates insolubility noble metal 
microparticle from fuel rod surfaceeasily. This way, because 
insolubility noble metal microparticle it is few, to be removed 
from furnacewater, when it fills once, it is maintained at level 
which has thedensity of insolubility noble metal microparticle ir 
furnace underwater long period without replenishing. As a resu 
density and it is maintained at range where alsothe insolubility 
noble metal microparticle density of structural material surface 
which balance of insolubility noble metal microparticle in 
furnace underwateris done is desirable. Therefore, to maintain 
low at continual it is possible corrosion potential ofthe 
structural material. 

[0048] When concentration of furnace underwater insolubility 
noble metal microparticle decreases, addition ofthe added 
amount becomes necessary, furnace water high temperature 
being in onstream of atomic reactor with aforementioned 
control, insolubility noble metal microparticle can befilled from 
furnace purification system. Therefore, as for this working 
example, like N MCA because state of thelow temperature 
(Approximately 140 to 150 °C ) it is not necessary to 
maintain also 2 day, working efficiency ofthe plant it can 
improve, insolubility noble metal microparticle, being filled in 
furnace underwater of high temperature, because itis a stability 
in thermal, it is little, suspension does also in furnace underwate 
to disassemble. There is deposit of insolubility noble metal 
microparticle of little quantity even in primary cooling system 
structural material surfacewhich designates stainless steel as 
center, but as for quantity ofthe insolubility noble metal 
microparticle to which influence of removal this with flow of 
thefurnace water is large, is removed from furnace water barel> 
deposit and removal doing balance, deposit of little quantity 
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[0049] This working example injection operation of insolubilit 
y noble metal microparticle is simple in comparison with theN 
MCA. Using operating method of atomic reactor plant which is 
an other Working Example of this invention, forthe Figure 2, 
you explain, this working example, like Working Example of 
Figure 1 insolubility noble metal microparticle is not to fill 
fromthe furnace water purification system where pressure is 
high, issomething which is filled from condensate system where 
pressure is low. Portion of insolubility noble metal 
microparticle which was filled from water supply pipe 20 of 
condensate system thetrap is done with condensate filter (not 
shown) and condensate desalting vessel 10. But, because it is 
insolubility noble metal microparticle of neutral originally, the 
time lag being, passes condensate filter and condensate desaltin 
vessel 10, flows intothe atomic reactor pressure vessel 1. 

[0050] Also this working example, causes same effect as Worki 
ng Example of Figure 1. Furthermore, as for this working 
example, fill with a lower pressure becomespossible by filling 
from condensate pressurizing pump inlet, improvement of 
injection efficiency andimprovement of reliability are assured. 

[0051] Operating method of atomic reactor plant which is an o 
ther Working Example of this invention isexplained below 
making use of Figure 3. this working example, in furnace 
purification type desalting vessel 6 and thecondensate desalting 
vessel 10, Na type cation resin is something which is filled at 
timeof constituting Working Example of Figure 2. furnace 
water inside atomic reactor pressure vessel 1 becomes weak 
alkali by using Na type cation resin, this working example has 
jointly used with fill and weak alkali control of the insolubility 
noble metal microparticle. 

[0052] Corrosion potential with crack end part which exists in 
structural material surface due to factthat furnace water become; 
weak alkali, can be decreased. Because of this, development of 
crack is controled. this working example can acquire also 
effect which it occurs with Working Exampleof Figure 2. 

[0053] Insolubility noble metal microparticle to be difficult to b 
e supplemented with desalting vessel orthe filter of condensate 
or furnace water purification type, because as aresult, 
insolubility noble metal microparticle which was filled in 
effective deposits in structural material; surface,it is a effective 
in corrosion potential decrease of structural material. But, 
when furnace water inside atomic reactor pressure vessel 1 is 
discharged through thebottom drain pipe 4, it becomes difficult 
to obstruct movement of insolubility noble metal microparticle 
tothe furnace underwater which is discharged. As for it is a fine 
insolubility noble metal microparticle very, 0.1 m or less it is 
possible to remove insolubility noble metal microparticlewhich 
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is included in furnace water which is discharged, but byinstallin; 
activated charcoal-packed column (not shown) in bottom drain 
pipe 4, with activated carbon, insolubility noble metal 
microparticle can be removed from furnace water efficiently by 
using the activated carbon. After supplementing insolubility 
noble metal microparticle, activated carbon is removed from 
activated charcoal-packed column,the incineration is done with 
incineration equipment, incineration of activated carbon to be 
considerable volume reducing can do radioactivity waste. 

[0054] In addition, in order insolubility noble metal micropartic 
le which was filled activates, not to beonly a structural material, 
depositing even in fuel rod surface, after that, toreturn to 
furnace underwater easily, activating, fact that it usesthe nuclear 
specie which forms damaging radioactive substance, for 
insolubility noble metal microparticle is not good plan. 

[0055] Because as for Pt , Pd etc it does not have toxic nuclear 
specie in theactivation daughter nucleus, it is ideal in order to 
use for insolubility noble metal microparticle. In addition, 
unless nuclear specie of long half-life is formed regardingthe foi 
example silica , alumina etc as support, it is ideal in reason. 

[0056] 

[Effects of the Invention] According to this invention, as corro 
sion potential of structure material of atomic reactor can 
bedecreased, working efficiency of plant it can improve. 
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[Brief Explanation of the Drawing(s)] 

[Figure 1] It is a configuration diagram of atomic reactor plant 
which applies operating method of atomic reactor plant whichis 
a preferred one Working Example of this invention. 

[Figure 2] It is a configuration diagram of atomic reactor plant 
which applies operating method of atomic reactor plant whichis 
an other Working Example of this invention. 

[Figure 3] It is a configuration diagram of atomic reactor plant 
which applies operating method of atomic reactor plant whichis 
an other Working Example of this invention. 

[Figure 4] It is a explanatory diagram which shows radiation dis 
ssembly of furnace water inthe atomic reactor plant. 

[Figure 5] It is a characteristic graph which shows hydrogen fill 
effect. 



[B6] aA**ai=»r4isw«-ca>a*. **. 



[Figure 6] It is a characteristic graph which shows change of ox; 
gen , hydrogen , hydrogen peroxide concentration inside atomic 
reactor forthe fill hydrogen amount. 
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[Figure 7] It is a characteristic graph which shows corrosion pot 
ential reducing effect due to N MCA. 

[Figure 8] It is a explanatory diagram which shows ECP reducir 
effect due to insolubility noble metal microparticle fill. 

[Figure 9] It is a explanatory diagram which shows flow of occi 
rence current in thestructural material surface, as for (a) flow of 
current in cathode reaction and anode reactionis shown, (b) 
when insolubility noble metal microparticle has not deposited, i; 
characteristic whichshows relationship between current density 
and voltage, (c) whenthe insolubility noble metal microparticle 
has not deposited, is characteristic which shows 
relationshipbetween current density and voltage. 

[Figure 10] Density of furnace underwater insolubility noble me 
al microparticle and correlation of deposited amount ofthe 
insolubility noble metal microparticle in structural material 
surface it is a characteristic graph which shows. 

[Explanation of Reference Signs in Drawings] 

1... atomic reactor pressure vessel and 2... botto"*"-k;e5 

... furnace heart, 6... furnace purification type desaltingvessel 

and 10... condensate desaltingvessel, 14... fi~z$Q,0... 

water supply pipe and 22... fill pipe , 23... furnacepurification 

type pipe ,24... particle supply pipe . 
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